Radiation therapy with concomitant and adjuvant temozolomide (TMZ) is the standard therapy for nonelderly patients with glioblastoma. However, TMZ-based chemoradiotherapy for elderly patients with glioblastoma is controversial. The aim of this study was to investigate the benefi ts and adverse effects of this combined therapy in elderly patients with glioblastoma. Of the 76 newly diagnosed glioblastoma patients who were treated with standard radiotherapy (60 Gy/30 fractions) and TMZ, treatment toxicity and therapeutic outcome were evaluated in 27 elderly patients (age 65 years or older) and compared with those of 49 nonelderly counterparts (age younger than 65 years). The incidence of common toxicity criteria Grade 4 adverse events during the concomitant course was higher in the elderly group than that in the nonelderly group (26% versus 8%; p = 0.046). Cognitive dysfunction was observed only in the elderly group (p = 0.042). The median overall survival (OS) and median progression-free survival in the elderly group were 15.2 months (95% confi dence interval [CI]; 12.9-18.5) and 8.4 months (95% CI; 5.1-11.7), respectively. OS was signifi cantly shorter in the elderly group than in the nonelderly group (p = 0.021). The recursive partitioning analysis score was a prognostic factor for OS. TMZ-based chemoradiotherapy was associated with an increased risk of Grade 4 adverse events in the elderly patients during concomitant use. Thus, elderly patients who undergo a concomitant course of TMZ must be closely monitored for adverse events. Treatment of glioblastoma in elderly patients must be optimized to reduce toxicity to acceptable levels and to maintain effi cacy.
Introduction
Glioblastoma multiforme (GBM) is the most common primary brain cancer, and it occurs frequently in elderly people.
1) The elderly population is growing in many countries; therefore, the number of GBM patients diagnosed at age ≥ 65 years is expected to continue to increase. Despite intensive treatment that could include surgical resection, irradiation, chemotherapy, or some combination of these, patients with GBM have a poor prognosis and a median overall survival (OS) of a little over a year. Moreover, elderly patients are known to have even shorter survival than their younger counterparts. 2) Based on the fi ndings of a phase III randomized trial, radiotherapy with concomitant and adjuvant temozolomide (TMZ) is considered the standard of care for those patients with GBM who are less than 70 years old.
3) However, subgroup analysis of this study showed diminishing benefi t with increasing age, the hazard ratio being 0.80 for the 66-71 year age group (p = 0.340) 4) ; this fi nding indicated that combined chemoradiotherapy with this regimen may not represent the optimal approach to treatment of GBM in elderly patients. Therefore, optimization of radiotherapy and chemotherapy for elderly patients with GBM has been an important clinical concern in recent years.
The decreased survival benefi t of TMZ-based chemoradiotherapy in elderly patients might be attributed, in part, to the toxicity of the treatment. Based on data from several reports, elderly patients who undergo the standard 6-week course of radiotherapy with concomitant TMZ chemotherapy suffer adverse events. [5] [6] [7] [8] [9] [10] [11] However, the toxicity profi le of this combined chemoradiotherapy in elderly patients has not been evaluated thoroughly, particularly in Asian populations. Furthermore, comparisons between adverse events rates in elderly patients and those in younger counterparts have generally not been studied in the setting of ordinary clinical trials. We think that more and better information about the toxicity caused by TMZ-based chemoradiotherapy in elderly patients will help to improve post-operative therapy in this population; therefore, we retrospectively reviewed cases of newly diagnosed GBM that were treated with surgery and TMZ-based chemoradiotherapy in the same institutions during the same period, and we compared the adverse events and therapeutic outcome in elderly patients with those in younger counterparts.
Mterials and Methods
The authors retrospectively analyzed 76 cases of newly diagnosed GBM that were treated with standard radiotherapy of 60 Gy in 30 fractions with concomitant TMZ-based chemotherapy at the University of Tokyo Hospital, the National Cancer Center Hospital, and Komagome Metropolitan Hospital between October 2004 and April 2010. Of these 76 patients, 27 patients (aged 65 years or older at diagnosis) were classifi ed as elderly, and 49 patients (aged less than 65 years) were classifi ed as nonelderly. The outcome and toxicity of the therapy were compared between these two groups. Patients treated with radiotherapy alone or supportive care were excluded from the analysis. No patient was treated with TMZ alone.
For each case included in the study, radiation therapy started within 2 weeks after surgery, and a total dose of 60 Gy was delivered over 6 weeks on a once-daily schedule of 2.0 Gy per fraction. Concomitant chemotherapy consisted of 75 mg/m 2 /day TMZ from the fi rst day of radiotherapy. Adjuvant TMZ was started 4 weeks after the end of radiotherapy and was delivered for 5 days every 28 days. The TMZ dose was 150 mg/m 2 for the fi rst cycle and was increased to 200 mg/m 2 after the second cycle. Patients were closely monitored for toxicity throughout TMZ treatment, and all adverse events were recorded and graded according to the common toxicity criteria (CTC) of the National Cancer Institute, version 4.0. Hematology, complete biochemistry, and other adverse events including disturbance of cognitive function were assessed more than once a week during the concomitant course and once per cycle during the adjuvant course. TMZ was given only if neutrophils were > 1,500/μl and platelets were > 100,000/μl; otherwise, treatment was delayed until adequate recovery. If nadir neutrophil counts < 1,000 μl, nadir platelets counts < 100,000/μl, or a CTC Grade 3 nonhematologic adverse event was observed during adjuvant course, TMZ dose was reduced from 200 to 150 mg/ m 2 or from 150 to 100 mg/m 2 in subsequent TMZ cycle. TMZ was discontinued in case the treating physician judges to discontinue for any reasons such as disease progression, severe toxicity, patient refusal, and so on. Prophylactic sulfamethoxazoletrimethoprim for Pneumocystis jiroveci was given routinely.
Patients were evaluated for response using magnetic resonance imaging neuroimaging, which was performed every two cycles. Tumor progression was defi ned based on the Macdonald criteria; specifi cally, the emergence of a new lesion or an increase in tumor size by at least 25% indicated tumor progression. 12) If a frozen tumor sample from a case was available, a QIAGEN DNA extraction kit was used to extract DNA from the tumor sample. Based on methods described by Esteller et al., 13) methylation-specifi c polymerase chain reaction (PCR) following sodium bisulfite DNA modification was used to assess promoter methylation of the O6-methylguanine methyltransferase (MGMT) gene. The study was approved by the ethics committee of the University of Tokyo Hospital. All clinical samples were obtained with written informed consent from patients.
The Kaplan-Meier method was used to calculate OS and progression-free survival (PFS), and the log-rank test was used to evaluate differences in progression and in survival in relation to prognostic factors. Comparison of subjects by descriptive or clinical demographical variables was performed by using Fisher's exact test for discrete variables and a Student's t-test for continuous variables. The signifi cance level was set at p < 0.05. All calculations were performed using JMP version 9 software.
Results

I. Patients' characteristics
Median follow-up periods were not signifi cantly different between the elderly group and the nonelderly group (14.4 months versus 18.9 months; p = 0.12). The characteristics of the elderly patients and the nonelderly patients are summarized in Table 1 . In the elderly group, the mean age was 71.4 ± 3.8 years. Of the 27 elderly patients, 16 were male. The Karnofsky performance status (KPS) of the elderly group was under 70 in 8 patients (30%) and 70 or more in 19 patients (70%). According to recursive partitioning analysis (RPA), 14) signifi cantly more patients were classifi ed into poor prognosis group (Classes V and VI) in the elderly group than in the nonelderly group (89% versus 29%; p < 0.0001). Methylation-specifi c PCR was performed in 19 of 27 elderly patients and 29 of 49 nonelderly patients. Among patients with methylation-specific PCR assessment, promoter methylation of MGMT was evident in approximately 40% of the patients in both the elderly and nonelderly groups. There were no signifi cant differences between groups as to sex, KPS, extent of resection, or MGMT methylation.
II. Toxicity
Adverse events of CTC Grade 3 and 4 that occurred during the concomitant course (Table 2) or the adjuvant course (Table 3) were classifi ed as hematologic or treatment-related nonhematologic. During the concomitant course, lymphocytopenia occurred frequently in both the elderly group (26%) and the nonelderly group (53%). Thrombocytopenia was more frequent in the elderly group than in the nonelderly group (p = 0.042); conversely, lymphocytopenia was more common in nonelderly group (p = 0.03). Although the incidence of overall Grade nonelderly. The mean number and the interval of adjuvant cycles were not signifi cantly different between the two groups (p = 0.066 and 0.69, respectively), while the duration between the last day of the concomitant course and the fi rst adjuvant cycle was signifi cantly longer in the elderly group (48.4 versus 34.5 days; p = 0.01). Reasons for discontinuation of the adjuvant course included recurrence, deterioration of performance status, severe adverse effect, and patient refusal. Figure 1 shows the Ka plan-Meier analysis for OS and PFS of the patients in the elderly and nonelderly groups. The median OS was 15.2 (95% confi dence interval [CI]; 12.9-18.5) months in the 3 and 4 adverse events was similar in both groups, more patients in the elderly group suffered Grade 4 hematological adverse events than did those in the nonelderly group (26% versus 8%; p = 0.046). Total 12 Grade 4 hematologic adverse events (leukocytopenia, 2; neutropenia, 3; lymphocytopenia, 4; thrombocytopenia, 3) were observed during the concomitant course in seven elderly patients. Two of 7 (29%) elderly patients with Grade 4 hematological adverse event could not start the adjuvant TMZ course because of prolonged myelosuppression. With respect to nonhematologic toxicity, cognitive dysfunction was observed in three elderly patients during concomitant course, while it was not observed in nonelderly patients (p = 0.042).
IV. OS and PFS
During the adjuvant course of TMZ, 4 of 22 elderly patients (18%) and 2 of 45 nonelderly patients (4.4%) required dose reduction (p = 0.46). The frequency of overall Grade 3 and 4 adverse events was comparable between the two groups. Grade 4 adverse events occurred in 9% of the elderly group and in 7% of the nonelderly group (p = 1.0) during the adjuvant course of TMZ.
III. TMZ cycle number and interval
The number and interval of TMZ cycles are shown in Table 4 . The mean number of adjuvant cycles of TMZ was 4 in the elderly and 6.3 in the 
V. Prognostic factors and effect on OS and PFS in the elderly group
Results of univariate analysis of prognostic factors are shown in Table 5 . RPA score (IV and V versus VI; p < 0.01) was the prognostic factors for OS. Median OS was 15.1 months in the age 65-69 bracket, 18.5 months in the age 70-74 bracket, and 15.3 months in the age 75-years-and-over bracket.
RPA score (IV and V versus VI) seemed to be a prognostic factor for PFS with borderline signifi cance (p = 0.05). Extent of resection (gross total removal versus partial removal and biopsy), KPS, and MGMT promoter methylation were poorly correlated with PFS. Median PFS was 5.3 months in the age 65-69 bracket, 9.8 months in the age 70-74 bracket, and 8.9 months in the age 75-years-and-over bracket. Like OS, PFS did not differ signifi cantly between the age brackets within the elderly group.
Discussion
In this study, an increased incidence of Grade 4 adverse events and cognitive dysfunction was observed in the elderly patients especially during the concomitant course. Overall Grade 3 and 4 hematologic toxicity during concomitant and adjuvant chemotherapy with TMZ in the elderly patients was reported to range from 6% to 18% and 10% to 22%, respectively. 5, 6, 9, 10) Meanwhile, the present study showed a higher incidence of overall Grade 3 and 4 hematologic toxicity in elderly patients; 37% and 36% during the concomitant and adjuvant courses, respectively. Unexpectedly, this higher rate of hematologic toxicity was not specifi c to elderly AA B patients, and the incidence of overall Grade 3 and 4 hematologic toxicity in the nonelderly group was 53% and 44% during the concomitant and adjuvant courses, respectively. Although the reasons for the high hematologic toxicity rates in the nonelderly and the elderly patients in the present study were not evident, most of these toxicity seemed not to have affected the schedule of TMZ administration because much of Grade 3 and 4 hematologic toxicity that we recorded was lymphocytopenia without severe infectious disease. On the other hand, the incidence of Grade 4 toxicity that caused discontinuation or delay of TMZ administration was signifi cantly higher in the elderly than in the nonelderly patients, and such Grade 4 toxicity was mostly observed during concomitant course; these fi ndings indicated that there was a potential risk in treating elderly patients with TMZ in this fashion. Besides hematologic toxicity, it is noteworthy that cognitive dysfunction was found only in elderly patients; this adverse event occurred in 11% of elderly patients during the concomitant course and in 5% during the adjuvant course. Cognitive dysfunctions were observed ahead of disease progression, and median time to onset of cognitive dysfunction was 1 month, while median time to progression of these patients was 11.7 months. So we think these cognitive dysfunctions were not caused by disease progression. As Brandes et al. reported mental status deterioration during adjuvant TMZ chemotherapy after concomitant chemoradiotherapy in 56% of elderly patients, 6) neurotoxicity is a common fi nding in elderly patients. In contrast to the report from Brandes et al., 6) we observed a higher frequency of cognitive dysfunction during concomitant course of TMZ in the elderly. Thus, the cognitive function of elderly patients should be monitored carefully. However, the causal association between cognitive dysfunction and TMZ was unclear because there were many causes for cognitive dysfunction other than TMZ, such as aging and radiotherapy itself; a controlled study is required to evaluate the causes of cognitive dysfunction in elderly patients with GBM.
In contrast to during the concomitant course, the incidence of Grade 3 and 4 adverse events during the adjuvant course did not differ signifi cantly between the elderly group and the nonelderly group. The mean interval of each adjuvant cycle was also similar between the two groups (32.4 versus 31.8; p = 0.69). Therefore, the elderly patients seemed to tolerate the adjuvant course as well as the younger patients did. The reason why severe adverse events happen more frequently during concomitant course is unclear; however, one hypothesis is that a higher accumulated dose of TMZ within a course of chemotherapy tends to cause severe toxicity in elderly patients who have relatively poor tolerance potential to chemotherapy including bone marrow function than the younger. Indeed, in this treatment regimen, patients were scheduled to receive 6 weeks of continuous administration of TMZ in concordance with 60 Gy radiation, which amounts to over 3,000 mg/m 2 of TMZ. On the other hand, during a cycle of adjuvant course, patients were administered with only 750-1,000 mg/m 2 of TMZ with 23 days cessation period. If this explanation is true, a reduction of the TMZ dose or a shortening of administration period of TMZ during the concomitant course might decrease the rates of complications, although these changes may also cause a reduction in therapeutic effect because concomitant course is theoretically the most active portion of the TMZ-based chemoradiotherapy regimen.
The median OS and the median PFS in the elderly group were 15.2 and 8.4 months, respectively, in this study. Brandes et al. recently reported median OS of 13.7 months and PFS of 9.5 months in 58 patients with GBM who were 65 years of age or older and were treated with concomitant and adjuvant TMZ added to standard radiotherapy. 6) Minniti et al. also reported a median OS of 12.8 months and a median PFS of 7.5 months in a study of 83 patients 70 years of age or older who received standard radiotherapy plus concomitant and adjuvant TMZ.
15) The present results compare favorably with these reports. Notably, patients aged 75 years and older (7/27 patients; 26%) had no worse outcomes than did those of 65-74 years; the median OS and median PFS were 15.3 and 8.9 months in patients aged 75 years and older, 18.5 and 9.8 months in the 70-74 year group, and 15.1 and 5.3 in the 65-70 year group. Baseline KPS ranged from 50 to 90 with median KPS of 80 in patients aged 75 years or older and from 60 to 90 with median KPS of 80 in the 65-74 year group. These facts make it diffi cult to set an age-based cut-off line for determining who should be treated as the elderly patient. In this analysis, we categorized the patients older than 65 years as the elderly as have other research groups 6, 9, 16, 17) and does the ongoing randomized clinical trial (NCIC/ EORTC 26062).
Several important fi ndings on the optimal treatment of the elderly patients with GBM have been reported recently. Findings from randomized controlled trials demonstrated (1) that radiotherapy alone (60 Gy/30 fractions) could prolong survival more than the best supportive care could and radiotherapy did not compromise quality of life or cognition 18) and (2) that an abbreviated course of radiotherapy (40 Gy/15 fractions) was equivalent to standard radiotherapy of 60 Gy over 30 fractions in the elderly GBM patients. 19) Thus, considering the generally poor prognosis of elderly patients with GBM, short-course radiotherapy may be a reasonable treatment option. Furthermore, the Nordic Brain Tumor Group compared three separate treatment modalities: standard fractionated radiotherapy (60 Gy in 30 fractions), hypofractionated radiotherapy (34 Gy in 10 fractions), and six cycles of TMZ (5 of 28 days) in their recent phase III study 20) ; the fi ndings indicated that the elderly patient treated with standard radiotherapy had worse prognosis than did the elderly patients treated with 34 Gy hypofractionated irradiation or with TMZ alone. In the elderly patients, they found no signifi cant difference in survival between hypofractionated radiotherapy arm and TMZ alone arm. However, both this study and another phase III study (NOA-08 trial), which showed that dose-dense TMZ chemotherapy is noninferior to standard radiotherapy for elderly patients with malignant astrocytoma, 17) demonstrated retrospectively that TMZ treatment seems more effective than radiotherapy alone for the elderly patients with methylated MGMT promoter, whereas no signifi cant effect of TMZ was observed for patients with an unmethylated MGMT promoter. Methylation of the MGMT promoter is reportedly a prognostic and predictive factor for GBM treated with TMZ in elderly cases. 6, 15, 17, 20, 21) However, in the present study, MGMT methylation was not shown to be a prognostic factor for OS or PFS in elderly patients treated with TMZ and radiotherapy; one reason for this contradictory fi nding might be the small number of cases in this study; only 19 of 27 elderly patients were evaluated for MGMT promoter methylation. The signifi cance of MGMT promoter methylation for the treatment of elderly patients with GBM by TMZ and radiotherapy would need to be ascertained in large, prospective clinical trial.
Another remaining question is whether TMZ is effective for elderly patients when concomitantly administered during radiotherapy. Considering recent fi ndings and the frequent Grade 4 adverse events during concomitant TMZ administration with standard radiotherapy in the elderly group, a combined TMZ-based chemotherapy with shortcourse radiotherapy may be a reasonable treatment option, especially for those elderly patients with a methylated MGMT promoter. A currently ongoing randomized controlled trial comparing short-course radiotherapy plus concurrent followed by adjuvant TMZ and short-course radiotherapy alone (NCIC/ EORTC 26062) is expected to provide some answer for this question.
The present study has several limitations, including those limitations that are associated with any retrospective study. There was selection bias because patients treated with short-course radiotherapy, radiotherapy alone, or supportive care were excluded. Besides, as age itself is a prognostic factor for GBM, it is diffi cult to interpret the results of survival comparison between elderly and nonelderly group.
Conclusion
In the elderly patients, especially during the period of concomitant chemoradiotherapy, there was an increased risk of Grade 4 adverse events, which have disrupted the schedule of TMZ administration and in turn may cause the shortening of the survival time. Since probability of severe toxicity seems currently difficult to predict by patient characteristics, such as sex, KPS, or RPA score, the elderly patients who undergo a concomitant course of TMZ must be closely monitored for toxic events. A reduced dose of TMZ might worth considering for elderly patients, and predictive factors for toxicity are expected to be clarifi ed in the future. In addition, the impact of concomitant use of TMZ during short-course radiotherapy, in combination with the MGMT promoter methylation status, on the survival of elderly GBM patients needs to be clarifi ed in prospective randomized controlled studies.
